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Sunrise  E-Region  Enhancements  From 
Aurorally  Increased  NO'-  Theory 


I.  IM  ( IKIN 

Nitric  oxide  is  a iiiiiioi',  tint  important,  constituent  of  the  atmosphere  up  to 
approximately  1 f.O  km.  Ttus  ubiquitijus  (>as  can  contribute  to  ozone  destruction  in 
the  stratosphere.  In  the  i;-reKion,  the  present  subject,  NO  functions  in  several 
viay  In  the  normal  daytime  ll-rej;ion,  the  role  of  nitric  oxide  is  confined  mainly 
to  convertmjj  O^  ions  into  NO*  ions.  These  two  ions  are  the  major  ionic  species 
ex<  ept  in  l ases  of  sporadic-b:  layers  which  may  consist  primarily  of  metallic  ions. 
The  ( to  N(  ' ((inversion  process  impacts  upon  the  mean  rt'combination  coeffi- 
cients in  the  i;-re((ion,  but  not  in  an  overwhelming  way,  since  the  dissociative 
rei  (imbinat ion  rates  of  tlicse  species  only  differ  by  a factor  of  two.  Nitric  oxide 
has  a more  significant  role  at  night  and  twilight,  however,  since  this  gas  is 
ionized  by  solar  tiydrogen  l.yman  alpha  radiation.  111, ye,  which  is  present  at  night 
due  to  scattering  effects,  and  because  at  twilight  the  direct  solar  HI. ye  photons 
easilv  penetrate  into  the  lower  K-region  in  contrast  to  radiation  wliich  ionizes  (J, 

( )^,  and  .N^. 


(Heceived  for  publication  I."!  September  1977) 

1.  Nicolet.  M.  (191),'))  Ionospheric  processes  and  nitric  oxide,  J.  Geophys.  Hes. 

70:991-701. 

2.  Swider,  W.  (1999)  A study  of  the  nighttime  ionosphere  and  its  reaction  rates, 

J.  Geophys.  Hes.  70:4859-487,3. 


I \i  n I \ iioN 


The  nitrir  oxide  profile  ;ulf)pte(l  in  the  eornpufation-i  is  that  reporti'rl  t)y 
Meira’^  for  ila-lO:')  kin,  diffusive  eipiilihriuni  tieiiifj  asiuineft  for  the  (liKher  altitudes. 
The  specific  values,  m unit  > of  10*  cm  were  1.  i,  t.  *>,  'h  0,  0.0,  10.0,  0.0, 
.'.12,  .1.'14,  2.04,  2.10,  1.70,  l.').t,  1 . 2 and  1.12  for  altitudes  fl.'i-l  >0  km  in  .'>  km 
intervals.  'I  he  scattercfl  radiation  intensitie-.  for  III  Vi»  and  lll.y,i  at  nidht  an- 

4 

tho->e  chosen  hy  Keneshea  et  al,  namely  1 percent  and  0.4  percent  of  the  noon 
l\  4 values  for  ill, ye  and  Ill  y.  , re.spectively.  All  other  radiation  intensities 
are  as  before*  exi  ept  that  .N-rays  are  reduced  1 4.  Neutral  concentrations  and 
temperatures  were  taken  from  the  lOilO  1 . .s.  Standard  Atrnosptiere  Supplements 
for  l all-Sprinn  at  4,2**N  with  a 1000'’k  exospheric  temperature.  ( alculatioiu  were 
performetl  for  o'*  declination.  Ionic  reaction  rates  aie  lilted  in  Table  1. 


'I'able  1.  Ionic  K-repion  Proces.ses 


K -- . 

Heart  ion  \o. 

Hi'artion 

Hate  Coefficient  (cm  * sec) 

1. 

(1,,  ' e -()•() 

2.  0 y 10'^  (200/T) 

1 J. 

N(  )*  1 e . \ s ( ) 

4.0  X 10' ' (200/T) 

t 2. 

O *(),,•  1).',  * <) 

1.6X10'*'  (200  T) 

1 4. 

♦ N2  -no'  ' N 

1.2  X lO'"*  (200  T) 

6. 

* 0 • no’  t N 

1.  5 X 10''°  (200  'T) 

7. 

’ O2  - (>2  • N2 

6.  0 X lO'"  (200,  T) 

8. 

n’  * 0.,  . No’  0 

2.  0 X lO'"* 

. -10 

9. 

t O2  - ^ N 

4.0X10 

10. 

(>2  NO  .No’  t 0.2 

4.  6 X 10'"’ 

2.  Meira,  1..  (1.,  Jr.  (1071)  Kocket  measurements  of  upper  atmospheric  nitric 
oxide  and  their  consequence  to  the  lower  ionosphere,  J,  (Jeophys.  lies. 
76:202-212.  

4.  Keneshea,  T.J.,  .Swider,  W. , and  Narcisi,  H..S.  (1970)  K-region  model, 

J.  Geophys.  Hes.  76:645-864. 
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ictii  inn  pi-ndiict  uiti  for  \( ) ions  lo  mil  iri(^  ft-mii  llio  loni/.alK.ii 

I'f  \( ) t'v  Mir  rlirrrt  III  hno  arc  Mio«  ti  in  I'imir-c  In  arnl,  liy  a different  format, 
in  I ifiiirc  lb.  \if;httime  conditions  are  found  to  persi,!  up  to  abovit  i na,  ' ;p  sun- 
rise, Init  I'v  \ ''f.".  till'  ioiii/ation  of  \'( ) at  r.f)  km  has  almost  reached  its  maxi- 

mum calue,  'I  he  resultant  electron  i-oncfuit  rat  imi,  [e],  [irofiles  are  illu.st  raterl  in 
I iKuia-s  L’a  and  LMi.  \ote  that  equilihrium  at  110  km  is  reached  h>  ^ iio'’. 
l iliures  da  through  ah  por'ray  the  same  information  for  NO  concentrations  m- 

■I 

creased  hv  lOx,  10“';,  and  10  x.  Kespoctive  ionii'aiion  production  rate;  are  not 
sluatn  since  they  are  only  like  miiltifiles  id  tlios(‘  ratios  in  hif^urcs  Isi  or  lb. 

The  main  pciiil  wc  wish  to  stress  is  that  sinci'  No  is  known  to  be  (ircater  in 
the  atiroral  /one’  as  compared  to  low-  and  midlatitude-.,  the  nigtit  and  sunrise 
K-rcf»ion  at  auroral  latitudes  may  he  more  prominent  than  normal  even  in  the 
at'sence  of  aurora  s.  (The  -.unset  Is-retjion  i -.  also  auk'mented  over  normal  condi- 
tions but  will  not  he  ili.-.cu.sscd  here.)  I'ikT-tfe  'I  portrays  ttie  nip.httime  M-rcfiion 

’ ')  f 

in  Mie  cas('  of  "normal”  N'O  and  with  .NO  increased  by  factors  of  ID,  10".  and  10  , 

> 

an  extreme  limit,  .^n  iono.sonde  with  a Mil.'  threshold  should  observe  the  10  case, 
especially  sin<’e  the  scattered  flux  may  ho  a.s  much  as  a factor  of  two  to  three 
times  fjreater''  than  W'e  assumed.  I'ik'ure  " depicts  the  situation  for  x f‘0  . All 
four  situations  now  should  be  c.bservahle  to  an  iono.sonde  with  a 1 Mil/-  threshold. 
No'e,  incidentally,  that  [c|  t [N'(>|'  near  110  km.  Absorjstion  of  Ilhyi/  l>y  NO 
has  been  neglected.  Inclusion  of  this  absorption  has  little  impact  upon  the  nighttime 
ituation  except  for  case  1,  where  a reduction  of  up  to  a factor  of  2 in  (e|  at  the 
lowest  altitude  is  attained  (1  igurc  .')).  At  x I'O'’’,  the  change  is  much  greater 
(I-'igure  '•).  I'or  case  2,  (e|  is  reduced  up  to  a factor  of  two  near  100-110  kin  and 
the  profile  of  [e]  for  case  ■)  decreases  from  a factor  of  twis  near  laO  km  to  almost 
a factor  .f  ’>  near  100-110  km.  However,  it  is  by  no  means  certain  that  the  inclu- 
sion of  thii  absorption  is  more  appropriate  since  higher  concentration  N'O  layers 
undoubtedly  have  a limited,  if  not  extremely  limited  spatial  extent,  in  comparison 
to  the  spherical  symmetry  assumed  in  the  cc>mputations.  Nevertheless,  we  present 
the  effect  of  this  absorption  in  h'igures  lOa-lOd  for  case  2,  and  in  Figures  1 la-1  Id 
for  case  •}. 


fi.  ftusch,  l).\V.,  and  Harth,  C.A.  ( 1 97,'))  .Satellite  measurements  of  nit ric  oxide 
in  the  polar  region,  J.  Oeophys.  lies.  80:37  19  372  1. 

h.  Strobel,  n.  b'. , Young.  T.  It.,  Meier,  It.  It.,  Coffey,  T.  F. , and  Ali,  A.  W. 
(1974)  The  nighttime  ionosphere:  K-region  and  lower  F-region, 

J.  r.eophys.  lies.  79:3171-3178. 
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:l.  ni't  I "MIN 


In  anv  ca.sc.  we  propose  (hat  investiKatiotis  of  nonaui-oral  hijsh  latitinle  iono- 
somie  and  or  Chatanika  hack.scatter  data  at  ni«ht.  and  especially  at  sunrise,  niay 
vi<dd  nsc't'ul  information  in  I'eijards  to  N( ) enh.aneenH’nt  s.  At  nifilit,  it  may  he  dif- 
ficult to  riisi' riminate  lu-tween  a steady  nifilittime  M-remon  due  to  ioni/.'ition  ot 
enhanced  (\<i)  in  comparison  to  an  M-layer  prodncefl  hy  a v^eak  hut  steady  dri/^le 
cf  preciiiitat iiif»  electrons.  Sporadic-M  also  may  complicate  the  picture,  l urther- 
more,  a fjood  kno\vledt;e  of  the  actual  scattei'ed  1 1 1 .ye  intensity  at  low  altitude.s  is 
needed  if  |N()|  i.s  to  h('  derivi’d  from  iono.sondi'  data  for  [e]  . (in  the  other  hand, 
the  unipue  sipmature  of  solar  radiation  at  sunrise  (I'imire  la,  foi'  example)  pro- 
duces a jiattern  (I'ijiure  L'a)  that  wiaild  he  difficult  for  an  idectron  precijutat  ion 
event  to  re|iroduce.  It  i.s  important  to  reali/'e  that  althouj^h  an  ambient  enhanced 
\()  profile  i.s  likely  different  in  sha[)e  from  those  ado|)ted  here,  the  peak  value, 
which  is  of  most  mtere,t,  is  the  parameter  which  is  to  he  correlated  with  iono- 
sonde  observations. 

V.akai's'  sui'vey  of  ttie  nifilittime  i;-rc(,don  indicated  enhancerl  fi-layer-.  in  the 
auroral  /one  and  polar  caj)  even  for-  quiet  conditions.  King,**  in  a study  of  1!‘7 
auroras  at  night,  reiiorteii  three  cases  where  f^^lC  >1.7  Mil/  when  overhead  aurora 
appeareil  to  he  absent.  The  cases  could  be  inter|)reted  as  indicating  an  \(  . layer 
peak  of  'd  y 10  cm  *.  Such  high  values  have  been  reported  hy  one  rocket 
group.  ' However,  in  a recent  survey  of  all  the  other  available  (8)  K-region  auroral 
flights,  Swider  and  Narci.si'**  inferred  \()  layer  peaks  from  10**  cm  '*  to  only 
10'  cm  ' . 'I'he  rii fficult ies  in  generating  sufficient  .NO  so  as  to  equal  the  ( ),^  con- 
I'cnt  ration--  are  well  known  and  have  recently  been  enumi.'rated  by  Hyman  et  al. 
Hoiiefully  the  more  modest  increases  in  nitric  oxide,  such  as  a peak  concentration 
of  10  * cm"'  , may  be  detectable  at  twilight  from  C'hatanika  hack.scatter  and  or 
lonosonde  data  studies,  figure  'la  illustrates  this  situation  at  sunrise.  The  |el 
profiles  are  about  a factor  of  d larger  than  that  for  ''normal"  londitions. 


7.  Wakai,  N.  (1007)  t^uiet  and  disturbed  structure  and  variations  of  the  nighttime 
f-region,  J.  (ieophys.  Hes.  72:4.'i07-4r'17. 

I).  King,  O.A.M.  ( 1 ttO.'))  The  aurora  and  night  K-layer,  .1.  Atmos.  Terr.  Hhy.s. 
^:420-42H.  ' ^ 

0.  /.ipf,  K.C.,  Horst,  V\.  I..,  and  Donahue,  T.  M.  (1070)  A mass  spectrometer 
observation  of  No  in  an  auroral  arc,  J.  (ieophys.  Hes.  70 :(id7 1 -Od70. 

10.  Sw  ider,  W. , and  Narcisi,  H..S.  (1 077)  Auroral  M -region:  Ion  composition 

and  nitric  oxide.  Planet.  .Space  .Sci.  d.*):  lOd  -110. 

11.  Hyman,  K.  , Strickland,  D.J.,  Julienne,  P.  S.  , and  Strohle,  D.  f.  (1070) 

Auroral  N( ) ?,  J.  (ieophys.  Hes.  8 1 :47fir>-47fi0. 
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U <>  ti.-ivi'  lint  pri' rented  ;iny  sunset  pi'orile.  ticeause  we  believe  ;i  •iunii,e  nn.-ily- 
Kis  would  be  prefc  table.  I'of  exain|ile  sunset  decay  of  the  I.  I'ei'ion  is  likely  to  tie 
pei'tufbed  inoi'e  by  spofadic  - I . i-uitherniofe , pt'esunset  auroral  influetn-es  fire- 
suniably  are  niore  diffii  ult  to  discriminate  from  normal  daytime  I.  i-e(>ion  behavior 
in  ( ontrast  to  sunrise  nighttime  circumstances. 

same  IH  effecti  may  be  of  interest.  'Mie-  nitric  oxide  1 system,  radiates 

at  fi.  d utn.  Its  ion  r.adiates  at  4..'i  pni  (.ir  1),  which  c<irres[)ond  •>  also  to  the 
001 -(10(1  band  wavelength  of  ( '(1,,.  Tile  (lossible  sudden  (irotninence  of  the  \(  / 

•1.  pm  band  at  sunrise  rU:'’  to  'he  ionization  of  auror:il /nucletir  \(  1 enhancement-, 
by  the  direct  solar  lll.ye  line,  must  not  he  confused  with  ( '( l,,  emis-.ions  at  the 
.arm-  li!  wavelength.  The  natural  (aurorally-caused)  variations  of  \(land  \( ) at 
sunrise  at  high  altitudes  could  be  determined,  as  suggested  by  this  (la/ier,  from 
apfiropriate  ionosonde  or  Chatanika  backscatter  data.  There  may  be  enough  -.un- 
rise  ionosonde  or  Chatanika  data  (the  latter  stored  at  Stanford  llesearch  Institute) 
presently  available,  which  could  yield  considerable  information  on  the  variation 
of  \(  1 and  \()  at  that  particular  auroral  data  site.  We  plan  to  investigate  this 
fiossibility. 
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Figure  4a.  Same  as  for  Figure  2a,  Kxcept  NO  I'igure  4b.  Same  as  for  Figure  2b.  Fxcept  NO  In- 
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